of lyophilization and storage of liver 9,000.'-,g supernatant fraction on the activity of drug metabolizing enzymes in some species of animals were studied. Imipramine metabolizing enzyme activity and the content of cytochrome P-450 were stable for, at least, one month without any loss of the activity when lyophilized liver 9,000''g supernatant fraction of some animal species, i.e., rat, mouse, guinea pig, rabbit and dog, was stored under reduced pressure in a deep freezer (-20°C) . There were no differences of imipramine metabolism between lyophilized liver 9,000 x g supernatant fraction which was kept in a deep freezer for one month and a fresh fraction which was prepared immediately before determinations of the enzyme activity and cytochrome P-450. The data presented here indicated that the lyophilized preparation of the liver 9,000 X g supernatant as well as the fresh preparation can be used for the determination of the drug metabolizing enzyme activity.
It is well known that species differences of effectiveness and toxicity of drugs depend often on the species differences of drug metabolism in vivo (1-5). Enzymatic activity in drug metabolism has been difficult to determine in pharmacological studies as there are great differences according to the species involved. If an effective method of storage of liver drug metabolizing enzymes was available we then could utilize human liver specimens which are useful for the investigations of drug metabolism in vitro. Levin et al. (6) reported that microsomes should be stored as a pellet rather than as a suspension or as a lyophilized powder. Karnataki and Kitagawa (7) reported that in the rat liver, 9,000 x g supernatant fraction was more stable than microsomes when they were stored and the best result of storage of aniline hydroxylase was obtained in lyophilized 9,000 g supernatant fraction which had been stored under reduced pressure.
Since it is known that the species differences of effectiveness of imipramine is due to a difference in the metabolic pathway (1, 8, 9) , this agent was selected as a model compound in this study.
The present study was investigated to determine whether or not the activity of drug metabolizing enzyme was stable for a long time and to compare the metabolic pattern of fresh samples with that of lyophilized ones.
MATERIALS AND METHODS

Experimental animals and enzyme preparation
Male rats of Wistar strain (100-150 g), male mice of ddy strain (20-25 g) , male guinea pellets were obtained by centrifuge of 9,000 g supernatant fraction at 105,000 x g for 1 hr.
The amount of formaldehyde formed was measured by the method of Nash (10). The content of cytochrome P-450 was assayed essentially by the method of Omura and Sato (11). Micro somal protein was determined according to the method of Lowry et al. (12) Lyophilization and storage of 9,000 xg supernatant fraction
The 9,000 x g supernatant fraction was previously frozen in a deep freezer for I or 2 hours and lyophilized by using the apparatus of ULVAC lyophilizer, Model DF-02E
(NIPPON SHINKU GIJUTSU K.K.). The air in a vessel containing the lyophilized sample was removed completely by a vacuum pump and the vessel was placed in a deep freezer until use one month later.
Incubation mixture
The incubation mixture consisted of 1 ml of liver 9,000 g supernatant, NADP (2 moles), glucose-6-phosphate (30,/m moles), MgCI., (50' moles), imipramine (1.5 or 5;1 moles), semicarbazide (2.5;i moles) and I nil of 0.2 M phosphate buffer, pH 7.4 in a final volume of 2.5 ml. When the rabbit 9,000 >, g supernatant was used, the optimum concentration of the substrate was 51a moles. Incubation was carried out aerobically at 37 C for 30 min with constant shaking. Throughout the present study, EDTA was not added to the incubation mixture because existence of an inhibitor of lipid peroxidation in rat liver soluble fraction has been reported (13) and imipramine is also known to inhibit lipid peroxidation (14).
Extraction and measurement of inripramnine and it's metabolites
For extraction, the method used was one described by Weder and Bickel (15) with a minor modification. After incubation, the mixture was alkalized with 0.5 N NaOH solution to a pH of 10.0. The alkali aqueous solution was saturated with NaCI and extracted twice with 20 ml of ethylether. The combined ether extracts were dried with anhydrous sodium carbonate and evaporated under reduced pressure and residues were dissolved in 0.5 ml of
methanol. An aliquot of the methanol was placed on thin layer plates (Merck HF.,,4) and developed with a solvent (n-propanol : chloroform : ammonia -100:100:2) (9). Detection 
RESULTS
Effects of one month storage of lyophilized 9,000 x g supernatant fraction on the imipramine metabolism in various species of animals When using the fresh liver 9,000 x g supernatant fraction, the major metabolites of IP were DMI in rats and guinea pigs, 2-OHIP in mice, 2-OHDMI in rabbits and IPNO in dogs respectively (Table 1 ). In the same manner IP was mainly metabolized by the lyophilized samples to DMI in rats and guinea pigs, to 2-OHIP or 2-OHDMI in mice or rabbits in ap proximately the same amount as was formed in the fresh samples. But, in dogs, IPNO was increased over 2-fold that formed in fresh 9,000 >: g supernatants. Although there were some variations in the amount of metabolites formed between fresh and lyophilized 9,000 x g supernatants, the same metabolic pattern was obtained with fresh and lyophilized samples in each species of animals.
As shown in Table 2 , the order of IP N-demethylation was rats, guinea pigs, mice, rabbits and dogs, respectively. The amount of formaldehyde shown in Table 2 represented the total amount of formaldehyde released from oxidative N-demethylation of IP, DMI, 2-OHIP and 2-OHDMI. The IP N-demethylase activity of lyophilized samples of mice and rabbits was retained at a rate of 75-80 % of that in fresh samples. Furthermore, the activity in rats and guinea pigs reached 90 ° of that in fresh samples and in the case of the dog, completely TABLE 1. Effects of one month storage of lyophilized 9,000 x g supernatant fraction on the metabolism of imipramine in some species of animals a) negligible amount Numbers in parentheses represent percent of fresh samples in each species retained the activity of fresh samples.
E.lJects of one month storage of lyophilized 9,000 xg supernatant on the contents of cytochrome P-450 in some species of animals
As shown in Table 3 , during storage of lyophilized samples for one month, about 10 20% loss of the content of cytochrome P-450 was seen in samples from various animals, while in rats the cytochrome P-450 content was maintained at a rate of 96% of that in the fresh sample. In this study no cytochrome P-420 was recognized.
DISCUSSION
It is known that the antidepressant activity of imipramine appears to be mediated through a metabolite of JP, DMI and that species differences regarding the pharmacological effects of IP depend on the metabolic rate of IP and DMI in various animals (1, 8) . In rats, IP is rapidly converted to DMI and then is slowly metabolized to further products, however, both IP and DMI are rapidly metabolized at about the same rate in rabbits and mice (1).
Evidence presented in this paper indicates that species differences with fresh liver 9,000 x g the degree of maintenance of drug metabolizing enzyme activity .
From these data, a speculative diagram on the metabolism of IP in various animals is presented in Fig. 1 .
